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PLASTIC SUBSTRATE WITH IMPROVED
HARDNESS AND DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. patent
application Ser. No. 15/647,010, filed on Jul. 11, 2017,
which claims priority to and the benefit of Korean Patent
Application No. 10-2016-0087605, filed on Jul. 11, 2016, in
the Korean Intellectual Property Office (KIPO), the disclo-
sure of each of which is incorporated by reference herein in
their entirety.

BACKGROUND

1. Field

Embodiments of the present invention relate to a plastic
substrate having improved hardness, a method of manufac-
turing the plastic substrate having improved hardness and a
display device including the plastic substrate having
improved hardness.

2. Discussion of Related Art

With the recent development of mobile devices, such as
smart phones and tablet PCs, thinner and slimmer display
devices are desired.

A display device includes a window for protecting a
display surface. In general, the window may include glass or
tempered glass with good mechanical properties. However,
because glass is heavy and prone to breakage by impact,
materials that may replace glass are being studied.

Plastic materials may be a suitable substitute for glass.
Plastic materials have the characteristic of being lightweight
and not easily broken. However, plastic materials generally
have lower hardness and lower abrasion resistance than
glass.

It is to be understood that this background of the tech-
nology section is intended to provide useful background
information for understanding the technology disclosed
herein. As such, the technology background section dis-
closed herein may include ideas, concepts or recognitions
that were not part of what was known or appreciated by
those skilled in the pertinent art prior to the effective filing
date of the subject matter disclosed herein.

SUMMARY

One or more embodiments of the present invention are
directed to a plastic substrate having excellent hardness and
abrasion resistance and a method of manufacturing the
plastic substrate.

Further, one or more embodiments of the present inven-
tion are directed to a display device including the plastic
substrate having excellent hardness and abrasion resistance.

According to an exemplary embodiment, a plastic sub-
strate includes: a plastic support member having light trans-
mittance; and a first organic-inorganic hybrid layer on the
plastic support member. The first organic-inorganic hybrid
layer includes: a first organic-inorganic hybrid matrix; and
ions implanted into the first organic-inorganic hybrid matrix
at an a side opposite to a side adjacent the plastic support
member. An amount of the ions per unit area (an ion amount)
is in a range from about 2x10"*/cm? to about 2x10"*/cm?.
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An implantation depth of the ions may be in a range from
about 300 nm to about 400 nm.

The ions may be implanted at an energy in a range from
about 60 keV to about 80 keV.

The ions may include at least one of a boron (B) ion and
a nitrogen (N) ion.

The first organic-inorganic hybrid matrix may include a
silicone resin and a polymer resin.

The first organic-inorganic hybrid layer may have a
thickness ranging from about 2 pm to about 20 pm.

The plastic support member may include at least one
selected from the group consisting of: a polycarbonate (PC)
film, a polyacrylic film, a polymethyl methacrylate (PMMA)
film, a polyimide (PI) film, a polyethylene (PET) film, a
polypropylene (PP) film, a polystyrene (PS) film, a poly-
amide (PA) film, a polyacetal (POM) film, a polybutylene
terephthalate (PBT) film, a cellulose film and an acrylic-
polycarbonate copolymer alloy film.

The plastic substrate may further include a first inorganic
layer between the plastic support member and the first
organic-inorganic hybrid layer.

The plastic substrate may further include a second
organic-inorganic hybrid layer between the plastic support
member and the first inorganic layer.

The plastic substrate may further include a first organic
layer between the plastic support member and the first
organic-inorganic hybrid layer.

According to another exemplary embodiment, a method
of manufacturing a plastic substrate includes: forming a first
organic-inorganic hybrid matrix on a plastic support mem-
ber, the plastic support member having light transmittance;
and implanting ions into the first organic-inorganic hybrid
matrix. An amount of the ions per unit area (an ion amount)
is in a range from about 2x10'%/cm? to about 2x10"*/cm?.

An implantation depth of the ions may be in a range from
about 300 nm to about 400 nm.

The ions may be implanted at an energy in a range from
about 60 keV to about 80 keV.

The ions may include at least one of a boron (B) ion and
a nitrogen (N) ion.

According to another exemplary embodiment, a display
device includes: a display panel; and a window on the
display panel. The window includes: a plastic support mem-
ber having light transmittance; and a first organic-inorganic
hybrid layer on the plastic support member, the first organic-
inorganic hybrid layer including ions implanted at a side an
opposite to a side adjacent the plastic support member. An
amount of the ions per unit area (an ion amount) is in a range
from about 2x10'*/cm? to about 2x10'*/cm?.

The foregoing is illustrative only and is not intended to be
in any way limiting. In addition to the illustrative aspects,
exemplary embodiments, and features described above, fur-
ther aspects, exemplary embodiments, and features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention
will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings, wherein:

FIG. 1 is a cross-sectional view illustrating a plastic
substrate according to a first exemplary embodiment;

FIG. 2 is a cross-sectional view illustrating a plastic
substrate according to a second exemplary embodiment;
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FIG. 3 is a cross-sectional view illustrating a plastic
substrate according to a third exemplary embodiment;

FIG. 4 is a cross-sectional view illustrating a plastic
substrate according to a fourth exemplary embodiment;

FIG. 5 is a cross-sectional view illustrating a plastic
substrate according to a fifth exemplary embodiment;

FIG. 6 is a cross-sectional view illustrating a plastic
substrate according to a sixth exemplary embodiment;

FIG. 7 is a cross-sectional view illustrating a plastic
substrate according to a seventh exemplary embodiment;

FIG. 8 is a cross-sectional view illustrating a plastic
substrate according to an eighth exemplary embodiment;

FIG. 9 is a chart illustrating results of a scratch resistance
evaluation;

FIG. 10 is a chart illustrating results of a vibration
abrasion resistance evaluation;

FIGS. 11A-11F are graphs illustrating ion intensity
according to an ion implantation depth;

FIG. 12 is a plan view illustrating an organic light
emitting diode (“OLED”) display device according to a
ninth exemplary embodiment;

FIG. 13 is a cross-sectional view taken along the line I-I'
of FIG. 12;

FIG. 14 is a cross-sectional view illustrating an OLED
display device according to a tenth exemplary embodiment;

FIG. 15 is a plan view illustrating a liquid crystal display
(“LCD”) device according to an eleventh exemplary
embodiment; and

FIG. 16 is a cross-sectional view taken along the line II-1T'
of FIG. 15.

DETAILED DESCRIPTION

Exemplary embodiments are described more fully here-
inafter with reference to the accompanying drawings.
Although the invention may be modified in various manners
and has several exemplary embodiments, some exemplary
embodiments are illustrated in the accompanying drawings
and will be mainly described in the specification. These
embodiments are provided as examples so that this disclo-
sure will be thorough and complete, and will fully convey
the aspects and features of the present invention to those
skilled in the art. Accordingly, processes, elements, and
techniques that are not necessary to those having ordinary
skill in the art for a complete understanding of the aspects
and features of the present invention may not be described.

In the drawings, relative sizes, thicknesses, etc. of layers,
elements, regions, and areas may be illustrated in an
enlarged manner for clarity and ease of description thereof.
When a layer, area, or plate is referred to as being “on”
another layer, area, or plate, it may be directly on the other
layer, area, or plate, or intervening layers, areas, or plates
may be present therebetween. Conversely, when a layer,
area, or plate is referred to as being “directly on” another
layer, area, or plate, intervening layers, areas, or plates may
be absent therebetween. Further when a layer, area, or plate
is referred to as being “below” another layer, area, or plate,
it may be directly below the other layer, area, or plate, or
intervening layers, areas, or plates may be present therebe-
tween. Conversely, when a layer, area, or plate is referred to
as being “directly below” another layer, area, or plate,
intervening layers, areas, or plates may be absent therebe-
tween.

The spatially relative terms “below”, “beneath”, “less”,
“above”, “upper” and the like, may be used herein for ease
of description to describe the relations between one element
or component and another element or component as illus-
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trated in the drawings. It will be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device in use or operation, in addition to the
orientation depicted in the drawings. For example, in the
case where a device illustrated in the drawing is turned over,
the device positioned “below” or “beneath” another device
may be placed “above” another device. Accordingly, the
illustrative term “below” may include both the lower and
upper positions. The device may also be oriented in the other
direction and thus the spatially relative terms may be inter-
preted differently depending on the orientations.

Throughout the specification, when an element is referred
to as being “connected” to another element, the element is
“directly connected” to the other element, or “electrically
connected” to the other element with one or more interven-
ing elements interposed therebetween.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to be limit-
ing of the present invention. As used herein, the singular
forms “a” and “an” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

It will be understood that, although the terms “first,”
“second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” may be termed likewise without departing
from the teachings herein.

“About” or “approximately” as used herein is inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” may mean within one or
more standard deviations, or within £30%, 20%, 10%, 5%,
etc. of the stated value.

Unless otherwise defined, all terms used herein (including
technical and scientific terms) have the same meaning as
commonly understood by those skilled in the art to which
this invention pertains. It will be further understood that
terms, such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art and will
not be interpreted in an ideal or excessively formal sense
unless clearly defined in the present specification.

Further, the use of “may” when describing embodiments
of the present invention refers to “one or more embodiments
of the present invention.” In addition, the use of alternative
language, such as “or,” when describing embodiments of the
present invention, refers to “one or more embodiments of the
present invention” for each corresponding item listed. As
used herein, the terms “use,” “using,” and “used” may be
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considered synonymous with the terms “utilize,” “utilizing,”
and “utilized,” respectively. Also, the term “exemplary” is
intended to refer to an example or illustration.

Also, any numerical range disclosed and/or recited herein
is intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein, and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein. All such ranges
are intended to be inherently described in this specification
such that amending to expressly recite any such subranges
would comply with the requirements of 35 U.S.C. § 112(a)
and 35 U.S.C. § 132(a).

Some of the parts which are not associated with the
description may not be provided in order to specifically
describe embodiments of the present invention and like
reference numerals refer to like elements throughout the
specification.

Hereinafter, a first exemplary embodiment is described
with reference to FIG. 1.

FIG. 1 is a cross-sectional view illustrating a plastic
substrate 101 according to a first exemplary embodiment.

The plastic substrate 101 according to the first exemplary
embodiment includes a plastic support member 110 having
light transmittance and a first organic-inorganic hybrid layer
121 on the plastic support member 110.

A plastic film having light transmittance may be utilized
as the plastic support member 110. For example, a polycar-
bonate (PC) film, a polyacrylic film, a polymethyl meth-
acrylate (PMMA) film, a polyimide (PI) film, a polyethylene
(PET) film, a polypropylene (PP) film, a polystyrene (PS)
film, a polyamide (PA) film, a polyacetal (POM) film, a
polybutylene terephthalate (PBT) film, a cellulose film and/
or an acrylic-polycarbonate copolymer alloy film may be
utilized as the plastic support member 110.

For example, a film including a copolymer of PC and
PMMA may be used as the plastic support member 110. The
copolymer of PC and PMMA may include PC in an amount
ranging from about 50 percent by weight (wt %) to about 70
wt % and PMMA in an amount ranging from about 30 wt %
to about 50 wt %. For example, a film including a copolymer
of PC and PMMA in a weight ratio of 6:4 may be utilized
as the plastic support member 110.

The plastic support member 110 may have a thickness
ranging from about 400 pm to about 1000 um. When the
thickness of the plastic support member 110 is less than
about 400 pm, the supporting strength may be relatively
weak (or weakened), and when the thickness is greater than
about 1000 um, it is disadvantageous for slimming down the
device (or the device may be relatively thick).

The first organic-inorganic hybrid layer 121 may include
a first organic-inorganic hybrid matrix 120 and an ion 150
implanted into the first organic-inorganic hybrid matrix 120.

The first organic-inorganic hybrid matrix 120 may include
a polymer resin and a silicone resin.

The polymer resin may include at least one of an acrylic
resin, a urethane resin and/or a urethane-acrylate resin. For
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example, a urethane-acrylate copolymer resin may be uti-
lized as the polymer resin. However, the polymer resin is not
limited thereto.

The silicone resin may include at least one of a monomer
represented by the following Chemical Formula 1 and a
monomer represented by the following Chemical Formula 2.
For example, the silicone resin may be formed by polym-
erization of a composition including at least one of the
monomer represented by the following Chemical Formula 1
and the monomer represented by the following Chemical
Formula 2.

Chemical Formula 1

Ry Ry

| I
Rys— O—S8i—0—8i0,—0—Si—O—Ry

Roz Roa

In Chemical Formula 1, respective ones of R,;, R5,, R,
and R, are one of an amino group, an epoxy group, a phenyl
group, an acryl group and/or a vinyl group, and respective
ones of R, and R, are hydrogen (H) and/or a hydrocarbon
group having 1 to 6 carbon atoms.

Chemical Formula 2

For example, the first organic-inorganic hybrid matrix 120
may be formed by polymerization of a polymerizable com-
position including a polymer resin-forming monomer and/or
a silicone resin-forming monomer.

The first organic-inorganic hybrid layer 121 has a thick-
ness ranging from about 2 um to about 20 pum.

When the thickness of the first organic-inorganic hybrid
layer 121 is less than about 2 um, the first organic-inorganic
hybrid layer 121 may not have sufficient strength and ion
implantation may be difficult (or may not be easy). In
addition, when the thickness of the first organic-inorganic
hybrid layer 121 is greater than about 20 um, it is disad-
vantageous for slimming down the device (or the device
may be relatively thick).

The ions 150 may be implanted at (or on) a side of the first
organic-inorganic hybrid matrix 120 that is opposite to the
plastic support member 110. For example, the ions 150 may
be implanted through a surface 120a of the first organic-
inorganic hybrid matrix 120 at (or on) an opposite side from
the plastic support member 110.
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An amount (or quantity) of ions 150 implanted into the
first organic-inorganic hybrid matrix 120 may range from
about 2x10"*/cm? to about 2x10"*cm?. The amount of ions
150 is expressed by the number of ions per unit area (cm?).
Hereinafter, an amount of ions 150 per unit area is referred
to as an “ion amount™.

When the ion amount is less than about 2x10'%/cm?, the
hardness and strength of the first organic-inorganic hybrid
layer 121 may be relatively low (or lower than desired). In
addition, when the ion amount exceeds about 2x10'#/cm?,
yellow shift, i.e., a color shift toward yellow, may occur.

The ions 150 implanted into the first organic-inorganic
hybrid matrix 120 may include at least one of boron (B) ions
and nitrogen (N) ions. The condition for boron (B) ion
implantation and the condition for nitrogen (N) ion implan-
tation may be different from each other.

An implantation depth of the ions 150 may be in a range
from about 300 nm to about 400 nm. The implantation depth
of the ions 150 is represented by a distance d1 from the
surface 120a.

According to the first exemplary embodiment, the ion
amount of about 2x10"*/cm? or more is maintained from the
surface 120a of the first organic-inorganic hybrid matrix 120
to a depth of about 300 nm to about 400 nm (or such that the
distance d1 is about 300 nm to about 400 nm).

When the implantation depth of the ions 150 is less than
about 300 nm, strength of the first organic-inorganic hybrid
layer 121 may be insufficient (or relatively low). Further,
when the ions 150 should be implanted with high energy (or
relatively high energy) in order to implant ions 150 at an
implantation depth of more than about 400 nm. In such an
exemplary embodiment, the first organic-inorganic hybrid
layer 121 may be damaged.

According to the first exemplary embodiment, the ions
150 are implanted at an energy ranging from about 60 keV
to about 80 keV. When the ion implantation energy is less
than about 60 keV, an ion implantation efficiency is lowered.
In addition, when the ion implantation energy exceeds about
80 keV, the first organic-inorganic hybrid layer 121 may be
damaged during the ion implantation process.

The first organic-inorganic hybrid layer 121 may further
include fluorine (F) in an amount ranging from about 0.001
wt % to about 0.2 wt % with respect to the total weight of
the first organic-inorganic hybrid layer 121. In addition, an
anti-finger layer may be provided on the first organic-
inorganic hybrid layer 121.

A second exemplary embodiment is described below with
reference to FIG. 2. Hereinafter, in order to avoid duplica-
tion, descriptions of components that are the same or sub-
stantially the same as those described above may be omitted.

FIG. 2 is a cross-sectional view illustrating a plastic
substrate 102 according to the second exemplary embodi-
ment.

The plastic substrate 102 according to the second exem-
plary embodiment includes a plastic support member 110, a
first inorganic layer 131 on the plastic support member 110
and a first organic-inorganic hybrid layer 121 on the first
inorganic layer 131.

The kind of the first inorganic layer 131 is not particularly
limited. For example, the first inorganic layer 131 may
include a layer including an inorganic material.

The first inorganic layer 131 may include, for example, a
silicone resin. In addition, the first inorganic layer 131 may
include a polymer resin and inorganic particles dispersed in
the polymer resin. For example, the first inorganic layer 131
may include a polymer resin and silicon oxide (SiOx)
dispersed in the polymer resin.
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When the first inorganic layer 131 includes a polymer
connection group, the plastic support member 110 and the
first inorganic layer 131 may have a strong bonding force.

The first inorganic layer 131 may have a thickness ranging
from about 3 pm to about 10 um. When the thickness of the
first inorganic layer 131 is less than about 3 um, the strength
of the plastic substrate 102 may be relatively weak (or
weakened). In addition, when the thickness of the first
inorganic layer 131 is greater than about 10 pum, it may be
disadvantageous to slim down the device (or the device may
be relatively thick).

Hereinafter, a third exemplary embodiment is described
with reference to FIG. 3.

FIG. 3 is a cross-sectional view illustrating a plastic
substrate 103 according to the third exemplary embodiment.

The plastic substrate 103 according to the third exemplary
embodiment includes a plastic support member 110, a first
organic layer 141 on the plastic support member 110 and a
first organic-inorganic hybrid layer 121 on the first organic
layer 141.

The kind of the first organic layer 141 is not particularly
limited. For example, the first organic layer 141 may include
at least one of an acrylic resin, a urethane resin and a
urethane-acrylate resin. The first organic layer 141 may be
formed by curing a coating solution for forming an organic
layer.

The first organic layer 141 may serve as a buffer for stress
generated between layers.

The first organic layer 141 may have a thickness ranging
from about 5 pm to about 10 um. When the thickness of the
first organic layer 141 is less than about 5 pum, an interlayer
buffer effect may be reduced. When the thickness is greater
than about 10 um, it may be disadvantageous to slim down
the device (or the device may be relatively thick).

Hereinafter, a fourth exemplary embodiment is described
with reference to FIG. 4.

FIG. 4 is a cross-sectional view illustrating a plastic
substrate 104 according to the fourth exemplary embodi-
ment.

The plastic substrate 104 according to the fourth exem-
plary embodiment includes a plastic support member 110, a
second organic-inorganic hybrid layer 122 on the plastic
support member 110, a first inorganic layer 131 on the
second organic-inorganic hybrid layer 122 and a first
organic-inorganic hybrid layer 121 on the first inorganic
layer 131.

According to the fourth exemplary embodiment, ions 150
are not implanted into the second organic-inorganic hybrid
layer 122. The second organic-inorganic hybrid layer 122
may have a composition that is substantially the same as that
of'a first organic-inorganic hybrid matrix 120 (see, e.g., FIG.
1).

Hereinafter, a fifth exemplary embodiment is described
with reference to FIG. 5.

FIG. 5 is a cross-sectional view illustrating a plastic
substrate 105 according to the fifth exemplary embodiment.

The plastic substrate 105 according to the fifth exemplary
embodiment includes a plastic support member 110, a first
organic-inorganic hybrid layer 121 on the plastic support
member 110 and a third organic-inorganic hybrid layer 123
on an opposite surface (or opposite side) of the plastic
support member 110 from the first organic-inorganic hybrid
layer 121.

For example, the first organic-inorganic hybrid layer 121
may be on (or at) a first surface of the plastic support
member 110 and the third organic-inorganic hybrid layer
123 may be on (or at) a second surface of the plastic support



US 12,202,231 B2

9

member 110. The first surface of the plastic support member
110 may be opposite to the second surface of the plastic
support member 110.

According to the fifth exemplary embodiment, ions 150
are not implanted into the third organic-inorganic hybrid
layer 123. The third organic-inorganic hybrid layer 123 may
have a composition that is substantially the same as that of
the first organic-inorganic hybrid matrix 120.

Hereinafter, a sixth exemplary embodiment is described
with reference to FIG. 6.

FIG. 6 is a cross-sectional view illustrating a plastic
substrate 106 according to the sixth exemplary embodiment.

The plastic substrate 106 according to the sixth exemplary
embodiment includes a plastic support member 110, a first
inorganic layer 131 on (or at) a surface (or a first surface) of
the plastic support member 110, a first organic-inorganic
hybrid layer 121 on the first inorganic layer 131, a second
inorganic layer 132 on (or at) another surface (or a second
surface) of the plastic support member 110 and a third
organic-inorganic hybrid layer 123 on the second inorganic
layer 132.

The second inorganic layer 132 may have a composition
that is substantially the same as that of the first inorganic
layer 131.

Hereinafter, a seventh exemplary embodiment will be
described with reference to FIG. 7.

FIG. 7 is a cross-sectional view illustrating a plastic
substrate 107 according to the seventh exemplary embodi-
ment.

The plastic substrate 107 according to the seventh exem-
plary embodiment includes a plastic support member 110, a
first organic layer 141 on (or at) a surface (or a first surface)
of the plastic support member 110, a first organic-inorganic
hybrid layer 121 on the first organic layer 141, a second
organic layer 142 on (or at) another surface (or a second
surface opposite to the first surface) of the plastic support
member 110 and a third organic-inorganic hybrid layer 123
on the second organic layer 142.

The second organic layer 142 may have a composition
that is substantially the same as that of the first organic layer
141.

Hereinafter, an eighth exemplary embodiment
described below with reference to FIG. 8.

is

FIG. 8 is a cross-sectional view illustrating a plastic
substrate 108 according to the eighth exemplary embodi-
ment.

The plastic substrate 108 according to the eighth exem-
plary embodiment includes a plastic support member 110, a
second organic-inorganic hybrid layer 122 on (or at) a
surface (or a first surface) of the plastic support member 110,
a first inorganic layer 131 on the second organic-inorganic
hybrid layer 122, a first organic-inorganic hybrid layer 121
on the first inorganic layer 131, a fourth organic-inorganic
hybrid layer 124 on (or at) another surface (or a second
surface opposite to the first surface) of the plastic support
member 110, a second inorganic layer 132 on the fourth
organic-inorganic hybrid layer 124 and a third organic-
inorganic hybrid layer 123 on the second inorganic layer
132.

The second organic-inorganic hybrid layer 122, the third
organic-inorganic hybrid layer 123 and the fourth organic-
inorganic hybrid layer 124 may each have substantially the
same composition.
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A method of manufacturing a plastic substrate according
to an exemplary embodiment includes forming the first
organic-inorganic hybrid matrix 120 on the plastic support
member 110 having light transmitting characteristics and
implanting ions 150 into the first organic-inorganic hybrid
matrix 120.

Hereinafter, a method of manufacturing the plastic sub-
strate 105 according to the fifth exemplary embodiment by
a dip coating method is described.

According to some embodiments, in order to manufacture
the plastic substrate 105, first, the plastic support member
110 is immersed in a coating solution for forming the
organic-inorganic hybrid matrix such that a coating layer is
formed on each of opposite sides of the plastic support
member 110 (e.g., on a first surface of the plastic support
member 110 and on a second surface of the plastic support
member 110).

The coating layer formed on the first surface of the plastic
support member 110 is cured and the ions 150 are implanted
therein to form the first organic-inorganic hybrid layer 121.
In addition, the coating layer formed on the second surface
of the plastic support member 110 is cured to form the third
organic-inorganic hybrid layer 123.

The coating solution for forming the organic-inorganic
hybrid matrix may include an organic binder component and
a silicone monomer.

The silicone monomer includes at least one of a monomer
represented by the following Chemical Formula 1 and a
monomer represented by the following Chemical Formula 2.

Chemical Formula 1

Ryy Ry

| |
Rys—O—Si—0—8i0,—0—Si—0—Ry

Ras R4

In Chemical Formula 1, respective ones of R,;, R,,, Ry5
and R, are one of an amino group, an epoxy group, a phenyl
group, an acryl group and/or a vinyl group, and respective
ones of R, and R, are hydrogen (H) and/or a hydrocarbon
group having 1 to 6 carbon atoms.

Chemical Formula 2
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The organic binder component includes monomers, oli-
gomers and/or photoinitiators. The organic binder compo-
nent may include a monomer in an amount ranging from
about 20 wt % to about 60 wt %, an oligomer in an amount
ranging from about 20 wt % to about 60 wt %, a rubber-
based flexible component in an amount ranging from about
10 wt % to about 50 wt % and a photoinitiator in an amount
ranging from about 1 wt % to about 10 wt %, with respect
to the total weight of the organic binder component.

The monomer may include, for example, at least one of an
acrylic monomer, a urethane monomer, and a urethane-
acrylic monomer.

The oligomer may use urethane (metha) acrylate having a
weight average molecular weight (Mw) ranging from about
5,000 to about 50,000.

When the weight average molecular weight (Mw) of the
oligomer is more than about 50,000, opacity in a high
temperature and high humidity environment may be unsuit-
able. When the weight average molecular weight (Mw) of
the oligomer is less than about 5,000, the coating solution for
forming an organic-inorganic hybrid layer may not be main-
tained in a solid state at room temperature.

As an example, after the first and second inorganic layers
131 and 132 are formed on opposite sides of the plastic
support member 110, the first and third organic-inorganic
hybrid layers 121 and 123 may be formed thereon (see, e.g.,
FIG. 6).

12

As another example, after the first and second organic
layers 141 and 142 are formed on opposite sides of the
plastic support member 110, the first and third organic-
inorganic hybrid layers 121 and 123 may be formed thereon
(see, e.g., FIG. 7).

As another example, after the second and fourth organic-
inorganic hybrid layers 122 and 124 are formed on opposite
sides of the plastic support member 110, the first and second
inorganic layers 131 and 132 are formed thereon, and then

10 the first and third organic-inorganic hybrid layers 121 and

123 may be formed thereon (see, e.g., FIG. 8).

For evaluation of ion implantation characteristics, a
sample having a structure that is substantially the same as
that of the plastic substrate 101 described above in reference

15 to the first exemplary embodiment is produced.

For example, a polycarbonate film having a thickness of
about 550 pm is utilized as the plastic support member 110.
The first organic-inorganic hybrid matrix 120 including a
urethane acrylate resin (a polymer resin) in an amount of

20 about 60 wt % and a silicone resin in an amount of about

40% is disposed on the plastic support member 110 to form
each sample.

Next, boron (B) ions are implanted into the first organic-
inorganic hybrid matrix 120 of each sample according to the

25 ion implantation conditions illustrated in Table 1 below to

produce a plastic substrate. The evaluation results of the
physical properties are illustrated in Table 1.

TABLE 1

Ton implantation

condition
Ton Property Evaluation

Sample amount  Pencil Transmittance  Reflectance Chromaticity
No. Kind Energy (/em®) hardness (%) (%) Appearance  YI (b*)
Reference — — — TH 91.6 7.9 transparent 1.1 -0.4
Example 1

Sample I Boron 80kev 1x10% 8H 92.1 8.1 transparent 1.5 -0.3
Sample 2 Boron 80 kev 2x 10"  8H 90.7 8.4 discolored 3.2 -0.2
Sample 3 Boron 80 kev 3 x 10 7-8 H 90.2 8.5 discolored 4.6 0.1
Sample 4 Boron 80 kev 5x 10" 8 H~9 H 89.4 8.6 discolored 9.2 1.0
Sample 5 Boron 80 kev 1x 10> 9H 80.9 8.8 discolored  26.6 3.5
Sample 6 Boron 60 kev 1x10'* 7~8H 92.0 8.2 transparent 1.4 -0.2
Sample 7 Boron 60 kev 2 x 104 7~8H 90.4 8.5 transparent 2.8 0.1
Sample 8 Boron 60 kev 3 x 104 8 H 90.3 8.6 discolored 3.7 0.6
Sample 9  Boron 60 kev 5x 104 8 H 90.0 8.8 discolored 6.3 1.2
Sample 10 Boron 60 kev 1x 10'® 8~9 H 86.1 9.1 discolored ~ 15.2 29
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In Table 1, Reference Example 1 is a sample in which ion
implantation is not performed.

The evaluation methods of physical properties illustrated
in Table 1 are as follows.

The pencil hardness is evaluated in accordance with the
pencil hardness test specified in JIS K 5600-5-4. For
example, the pencil hardness is measured five times on the
sample with respect to a weight of 1 kg, and the smallest
value is selected as a pencil hardness of the sample.

In the pencil hardness, the reference marks “H,” “F”” and
“B,” initials of “hard,” “firm,” and “black,” respectively,
represent hardness and concentration. As a number of an
“H” lead or a “B” lead increases, the “H” lead becomes
harder, whereas the “B” lead becomes smoother. That is,
“OH” denotes a highest hardness, and the hardness decreases
in the following order: 8H, 7H, 6H, SH, 4H, 3H, 2H, H, F,
B, 2B, 3B, 4B, 5B, 6B, 7B, 8B and 9B.

For evaluation of the optical characteristics, transmittance
and reflectance are measured using a spectrophotometer
(exemplary device name: “COH-4007).

For appearance evaluation, discoloration of the sample is
visually identified. For example, it is evaluated whether or
not the yellow shift is observed in the sample.

The reference mark “YI” indicates a yellow index. The
larger the YT value is, the larger the yellow shift.

The chromaticity (b*) represents the yellow shift accord-
ing to the CIE 1976(L*,a*,b*) color coordinates. Herein, a
positive value of 1b* corresponds to the degree of yellow
shift and a negative value of 1b* corresponds to the degree
of blue shift.

Referring to Table 1, in particular, Sample 1, Sample 6
and Sample 7 are evaluated to have excellent physical
properties.

In addition, nitrogen (N) ions are implanted into the first
organic-inorganic hybrid matrix 120 of each sample accord-
ing to the ion implantation conditions illustrated in Table 2
below to produce a plastic substrate. The evaluation results
of the physical properties are illustrated in Table 2.
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having a steel wool #0000 uniformly attached thereto is
prepared. Subsequently, a surface of the sample is rubbed
back and forth six hundred times with the flat surface of the
cylinder having the steel wool #0000 thereon, with a weight
of about 1.0 kg at a speed of about 100 mm a second, and
the depth and width of scratches generated on the surface of
the sample are measured. The scratch resistance evaluation
results for Reference Example 1 and Samples 1, 6 and 9 are
shown in FIG. 9.

Referring to FIG. 9, samples 6 and 9 have particularly
excellent scratch resistance.

FIG. 10 shows the results of a vibration abrasion resis-
tance evaluation.

For evaluating vibration abrasion resistance, a commer-
cially available vibration abrasion tester (e.g., a Rosler
vibration abrasion tester) is utilized. Vibration and abrasion
are applied to the sample by using the vibration abrasion
tester. The abrasion resistance is evaluated by the ratio of
abrasion resistance of samples to glass over time. FIG. 10
shows results of vibration abrasion resistance evaluation for
Samples 1, 4, 6 and 9.

Referring to FIG. 10, Samples 1 and 9 have excellent
abrasion resistance.

Referring to Tables 1 and 2 and FIGS. 9 and 10, when the
ion amount is in a range from about 2x10**/cm? to about
2x10'*/cm® and the ion implantation energy is in a range
from about 60 keV to about 80 keV, the sample is evaluated
to have excellent physical properties.

FIGS. 11A, 11B, 11C, 11D, 11E and 11F are graphs
illustrating ion intensity depending on an ion implantation
depth.

For example, FIGS. 11A, 11B, 11C, 11D, 11E and 11F
illustrate the ion intensity (c/s) depending on the ion implan-
tation depth (nm) when ions 150 are implanted into the first
organic-inorganic hybrid matrix 120.

FIG. 11A shows the ion intensity depending on the ion
implantation depth when ions 150 of about 1.0x10'*/cm? are
implanted with an energy of about 80 keV, FIG. 11B shows

TABLE 2
Ton implantation
condition
Ton Property Evaluation

Sample amount Pencil Transmittance Reflectance Chromaticity
No. Kind  Energy (/em?) hardness (%) (%) Appearance Y1 (b*)
Reference — — — SH 91.8 8.0 transparent 0.8 -0.3
Example 2

Sample 11 Nitrogen 80 kev 1x 10 S H 92.0 7.9 transparent 0.7 0.2
Sample 12 Nitrogen 80 kev 2 x 103 6 H 91.4 8.4 transparent 1.1 0.1
Sample 13 Nitrogen 80 kev 5x 10! S H 89.7 8.4 transparent 2.5 1.1
Sample 14 Nitrogen 80 kev 1 x 10 S H 86.0 8.8 discolored 4.4 2.5
Sample 15 Nitrogen 80 kev 2 x 10 5 H 85.5 10.0 discolored 9.0 4.6
Sample 16 Nitrogen 60 kev 1x 10* 6 H 92.0 7.8 transparent 0.5 -0.2
Sample 17 Nitrogen 60 kev 2x 10* 4 H 91.6 8.1 transparent 0.8 -0.3
Sample 18 Nitrogen 60 kev 5x 10* 6 H 91.3 8.4 transparent 1.1 0.5
Sample 19 Nitrogen 60 kev 3 x 104 5 H 80.0 9.8 discolored  11.6 10.1

Referring to Table 2, Samples 12, 16, 17 and 18 are
evaluated to have excellent physical properties.

FIG. 9 shows the results of a scratch resistance evaluation.

For scratch resistance evaluation, scratch resistance
evaluation using a steel wool is performed. The scratch
resistance evaluation method using a steel wool is as fol-
lows. A sample having a size of 200 mmx200 mm is
manufactured using a plastic substrate. In addition, a cylin-
der having a diameter of about 25 mm and a flat surface
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the ion intensity depending on the ion implantation depth
when ions 150 of about 5.0x10"*/cm? are implanted with an
energy of about 80 keV, FIG. 11C shows the ion intensity
depending on the ion implantation depth when ions 150 of
about 1.0x10*%/cm? are implanted with an energy of about
80 keV, FIG. 11D shows the ion intensity depending on the
ion implantation depth when ions 150 of about 1.0x10'%/
cm? are implanted with an energy of about 60 keV, FIG. 11E
shows the ion intensity depending on the ion implantation
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depth when ions 150 of about 5.0x10*cm?” are implanted
with an energy of about 60 keV, and FIG. 11F shows the ion
intensity depending on the ion implantation depth when ions
150 of about 1.0x10"*/cm? are implanted with an energy of
about 60 keV.

The samples according to FIGS. 11A, 11B, 11C, 11D, 11E
and 11F are referred to as Test Examples 1, 2, 3, 4, 5 and 6,
respectively. For each test example, the ion intensity
depending on the ion implantation depth was measured
twice.

The arrow illustrated in FIGS. 11A, 11B, 11C, 11D, 11E
and 11F indicates a critical point of ion intensity. The depth
at the critical point of ion intensity is referred to as the ion
implantation depth.

The results of FIGS. 11A, 11B, 11C, 11D, 11E and 11F
may be summarized in Table 3 below.

TABLE 3
Ton Implan-
Ton Implan- tation amount  Critical Intensity
Test example tation energy (/em?) point(nm) (c/s)
1 80 keV 1.0 x 1044 380 19
(FIG. 11A) 365 18
2 80 keV 5.0 x 1014 360 67
(FIG. 11B) 335 65
3 80 keV 1.0 x 102 380 116
(FIG. 11C) 385 112
4 60 keV 1.0 x 10%4 330 33
(FIG. 11D) 315 21
5 60 keV 5.0 x 10 304 51
(FIG. 11E) 330 65
6 60 keV 1.0 x 102 300 156
(FIG. 11F) 300 143

Referring to FIGS. 11A, 11B, 11C, 11D, 11E and 11F,
when ions 150 are implanted at an energy ranging from
about 60 keV to about 80 keV, ions 150 are implanted to a
depth ranging from about 300 nm to about 400 nm.

Hereinafter, an organic light emitting diode (“OLED”)
display device 109 according to a ninth exemplary embodi-
ment is described with reference to FIGS. 12 and 13. FIG.
12 is a plan view illustrating an OLED display device 109
according to the ninth exemplary embodiment, and FIG. 13
is a cross-sectional view taken along the line I-I' of FIG. 12.

The OLED display device 109 according to the ninth
exemplary embodiment includes a display panel 210 and a
window 100 on the display panel 210.

The display panel 210 of the OLED display device 109
according to the ninth exemplary embodiment includes a
first substrate 211, a driving circuit unit 230 and an OLED
310.

The first substrate 211 may include an insulating material
such as glass, quartz, ceramic, plastic, or the like. Further, a
polymer film may be utilized for the first substrate 211.

A buffer layer 221 is disposed on the first substrate 211.
The buffer layer 221 may include one or more layers
selected from various inorganic layers and organic layers.
The buffer layer 221 may be omitted.

The driving circuit unit 230 is disposed on the buffer layer
221. The driving circuit unit 230 includes a plurality of thin
film transistors (“TFTs”) (e.g., a switching TFT 10 and a
driving TFT 20) and drives the OLED 310. For example, the
OLED 310 emits light in accordance with a driving signal
received from the driving circuit unit 230 to display an
image.

FIGS. 12 and 13 illustrate an active matrix-type organic
light emitting diode (AMOLED) display device 109 having
a 2Tr-1Cap structure. For example, the 2Tr-1Cap structure
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may include two TFTs, e.g., the switching TFT 10 and the
driving TFT 20 and one capacitor 80 in each pixel, but
exemplary embodiments are not limited thereto. For
example, the OLED display device 109 may include three or
more TFTs and two or more capacitors in each pixel and may
further include additional wirings. Herein, the term “pixel”
refers to a smallest unit for displaying an image and the
OLED display device 109 displays an image using a plu-
rality of pixels.

Each pixel PX includes the switching TFT 10, the driving
TFT 20, the capacitor 80 and the OLED 310. In addition, a
gate line 251 extending along one direction (or a first
direction) and a data line 271 and a common power line 272
insulated from and intersecting the gate line 251 are also
provided at the driving circuit unit 230. Each pixel PX may
be defined by the gate line 251, the data line 271 and the
common power line 272 as a boundary, but exemplary
embodiments are not limited thereto. For example, the pixels
PX may be defined by a pixel defining layer and/or a black
matrix.

The OLED 310 includes a first electrode 311, a light
emitting layer 312 on the first electrode 311 and a second
electrode 313 on the light emitting layer 312. The light
emitting layer 312 includes a low molecular organic material
or a high molecular organic material. Holes and electrons are
injected into the light emitting layer 312 from the first
electrode 311 and the second electrode 313, respectively,
and combined therein to form an exciton. The OLED 310
emits light when the exciton falls from an excited state to a
ground state.

The capacitor 80 includes a pair of capacitor plates (i.e.,
capacitor plates 258 and 278), having an insulating inter-
layer 245 interposed therebetween. In some embodiments,
the insulating interlayer 245 may be a dielectric element. A
capacitance of the capacitor 80 is determined by electric
charges accumulated in the capacitor 80 and a voltage across
the pair of capacitor plates (i.e., capacitor plates 258 and
278).

The switching TFT 10 includes a switching semiconduc-
tor layer 231, a switching gate electrode 252, a switching
source electrode 273 and a switching drain electrode 274.
The driving TFT 20 includes a driving semiconductor layer
232, a driving gate electrode 255, a driving source electrode
276 and a driving drain electrode 277. A gate insulating layer
241 is further provided to insulate the switching semicon-
ductor layer 231 and the switching gate electrode 252 and to
insulate the driving semiconductor layer 232 and the driving
gate electrode 255.

The switching TFT 10 may function as a switching
element which selects a pixel to perform light emission. The
switching gate electrode 252 is connected to the gate line
251 and the switching source electrode 273 is connected to
the data line 271. The switching drain electrode 274 is
connected to one of the capacitor plates, e.g., the capacitor
plate 258, and is spaced apart from the switching source
electrode 273.

The driving TFT 20 applies a driving power, which allows
the light emitting layer 312 of the OLED 310 in a selected
pixel to emit light, to the first electrode 311 which is a pixel
electrode. The driving gate electrode 255 is connected to the
capacitor plate 258 that is connected to the switching drain
electrode 274. Each of the driving source electrode 276 and
the other of the capacitor plates, e.g., the capacitor plate 278,
is connected to the common power line 272. The driving
drain electrode 277 is connected to the first electrode 311 of
the OLED 310 through a contact hole (or a contact opening)
defined in a planarization layer 246.
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With the above-described structure, the switching TFT 10
is driven based on a gate voltage applied to the gate line 251
and serves to transmit a data voltage applied to the data line
271 to the driving TFT 20. A voltage equivalent to a
difference between a common voltage applied to the driving
TFT 20 from the common power line 272 and the data
voltage transmitted by (or from) the switching TFT 10 is
stored in the capacitor 80 and a current corresponding to the
voltage stored in the capacitor 80 flows to the OLED 310
through the driving TFT 20 such that the OLED 310 may
emit light.

According to the ninth exemplary embodiment, the first
electrode 311 is a reflective electrode and the second elec-
trode 313 is a semi-transmissive electrode. Accordingly, a
light generated in the light emitting layer 312 is emitted
through the second electrode 313.

For example, the first electrode 311 may include a reflec-
tive layer including one or more metals selected from:
magnesium (Mg), silver (Ag), gold (Au), calcium (Ca),
lithium (Li), chromium (Cr), copper (Cu) and aluminum
(Al), and a transparent conductive layer on the reflective
layer. The transparent conductive layer may include a trans-
parent conductive oxide (TCO). Examples of the TCO may
include: indium tin oxide (ITO), indium zinc oxide (IZ0),
zinc oxide (ZnO), aluminum zinc oxide (AZO), and/or
indium oxide (In,0;).

In addition, the first electrode 311 may have a triple-layer
structure in which a transparent conductive layer, a reflective
layer and a transparent conductive layer are sequentially
stacked.

The second electrode 313 may include a semi-transmis-
sive layer including one or more metals selected from:
magnesium (Mg), silver (Ag), gold (Au), calcium (Ca),
lithium (Li), chromium (Cr), copper (Cu) and aluminum
(AD).

In some embodiments, at least one of a hole injection
layer (HIL) and a hole transport layer (HTL) may further be
provided between the first electrode 311 and the light
emitting layer 312 and at least one of an electron transport
layer (ETL) and an electron injection layer (EIL) may
further be provided between the light emitting layer 312 and
the second electrode 313. The light emitting layer 312, the
hole injection layer (HIL), the hole transport layer (HTL),
the electron transport layer (ETL) and the electron injection
layer (EIL) may include an organic material and thus may be
referred to as an organic layer.

A pixel defining layer 290 is disposed on the driving
circuit unit 230 and has an opening. The first electrode 311,
the light emitting layer 312 and the second electrode 313 are
sequentially stacked in the opening of the pixel defining
layer 290. The second electrode 313 is formed on the pixel
defining layer 290 as well as the light emitting layer 312. In
an exemplary embodiment, the hole injection layer (HIL),
the hole transport layer (HTL), the electron transport layer
(ETL) and the electron injection layer (EIL) may also be
disposed between the pixel defining layer 290 and the
second electrode 313. The OLED 310 generates light from
the light emitting layer 312 positioned in the opening of the
pixel defining layer 290. For example, the pixel defining
layer 290 may define a light emitting area.

A capping layer may be provided on the second electrode
313, which protects the OLED 310 from an external envi-
ronment.

A second substrate 212 is disposed on the second elec-
trode 313. The second substrate 212 seals the OLED 310
together with the first substrate 211. The second substrate
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212, similar to the first substrate 211, may include an
insulating material such as glass, quartz, ceramic, plastic, or
the like.

A buffer material 302 may be disposed between the OLED
310 and the second substrate 212. The buffer material 302
protects the OLED 310 and the like against an impact that
may be externally applied to the OLED display device 109.
The buffer material 302 may include at least one of, for
example, a urethane-based resin, an epoxy-based resin, an
acrylic resin, and silicone that is an inorganic sealant.

An adhesive layer 295 is disposed on the display panel
210 and the window 100 is disposed on the adhesive layer
295. One of the plastic substrates 101, 102, 103, 104, 105,
106, 107 and 108 according to the first, second, third, fourth,
fifth, sixth, seventh and eighth exemplary embodiments may
be utilized as the window 100. The first organic-inorganic
hybrid layer 121 of the plastic substrates 101, 102, 103, 104,
105, 106, 107 and 108 according to the first, second, third,
fourth, fifth, sixth, seventh and eighth exemplary embodi-
ments is positioned on the opposite side from the display
panel 210.

Hereinafter, a tenth exemplary embodiment is described
with reference to FIG. 14.

FIG. 14 is a cross-sectional view illustrating an OLED
display device 1010 according to a tenth exemplary embodi-
ment. The OLED display device 1010 according to the tenth
exemplary embodiment includes a thin film encapsulation
layer 350 provided on the second electrode 313 to protect the
OLED 310.

The thin film encapsulation layer 350 includes one or
more inorganic layers and one or more organic layers, and
substantially prevents outside air such as moisture or oxygen
from permeating into the OLED 310, or reduces the likeli-
hood thereof.

The thin film encapsulation layer 350 may have a struc-
ture in which the inorganic layers 351, 353 and 355 and the
organic layers 352 and 354 are alternately stacked. In FIG.
14, the thin film encapsulation layer 350 includes three
inorganic layers (i.e., the inorganic layers 351, 353 and 355)
and two organic layers (i.e., the organic layers 352 and 354),
but the structure of the thin film encapsulation layer 350
according to the tenth exemplary embodiment is not limited
thereto.

Each of the inorganic layers 351, 353 and 355 may
include one or more inorganic materials, such as Al,Oj,
Ti0O,, ZrO, SiO,, AION, AIN, SiON, Si;N,, ZnO and Ta,Os.
The inorganic layers 351, 353 and 355 may be formed
through methods such as a chemical vapor deposition
(CVD) method or an atomic layer deposition (ALD)
method. However, exemplary embodiments are not limited
thereto and the inorganic layers 351, 353 and 355 may be
formed using various methods known to those skilled in the
art.

The organic layers 352 and 354 may include a polymer-
based material. Examples of the polymer-based material
may include, for example, an acrylic resin, an epoxy resin,
polyimide and/or polyethylene. In addition, the organic
layers 352 and 354 may be formed through a thermal
deposition process. The thermal deposition process for
forming the organic layers 352 and 354 may be performed
in a temperature range that may not damage the OLED 310.
However, the tenth exemplary embodiment is not limited
thereto and the organic layers 352 and 354 may be formed
using various methods known to those skilled in the perti-
nent art.

The inorganic layers 351, 353, and 355, which have a high
density of thin layers, may prevent or efficiently reduce
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infiltration of moisture and/or oxygen. Permeation of mois-
ture and oxygen into the OLED 310 may be largely pre-
vented by the inorganic layers 351, 353, and 355, or the
likelihood thereof may be reduced.

The organic layers 352 and 354 may also serve as a buffer
layer to reduce stress among respective ones of the inorganic
layers 351, 353 and 355, in addition to reducing (or pre-
venting) moisture-infiltration. Further, because the organic
layers 352 and 354 have planarization characteristics, an
uppermost surface of the thin film encapsulation layer 350
may be planarized.

The thin film encapsulation layer 350 may have a rela-
tively small thickness of about 10 um or less. Accordingly,
the OLED display device 1010 may also have a relatively
small thickness.

When the thin film encapsulation layer 350 is disposed on
the OLED 310, the second substrate 212 may be omitted.
When the second substrate 212 is omitted, the flexible
characteristics of the OLED display device 1010 are
improved.

The adhesive layer 295 is disposed on the thin film
encapsulation layer 350 and the window 100 is disposed on
the adhesive layer 295.

FIG. 15 is a plan view illustrating a liquid crystal display
(“LCD”) device 1011 according to an eleventh exemplary
embodiment, and FIG. 16 is a cross-sectional view taken
along the line II-II' of FIG. 15.

The LCD device 1011 according to the eleventh exem-
plary embodiment includes an LCD panel 400 and a window
100 on the LCD panel 400.

The LCD panel 400 includes a display substrate 410, an
opposing substrate 420 and a liquid crystal layer LC
between the display substrate 410 and the opposing substrate
420.

The display substrate 410 includes a first substrate 401
and a gate line GL, a data line DL, a thin film transistor TFT,
a gate insulating layer 421, an insulating interlayer 431, a
first color filter 451, a second color filter 452, a planarization
layer 491, a pixel electrode PE and a light blocking portion
476 on the first substrate 401.

The gate line GL and a gate electrode GE extending from
the gate line GL are disposed on the first substrate 401.

The gate insulating layer 421 is disposed on the gate line
GL and the gate electrode GE. In some exemplary embodi-
ments, the gate insulating layer 421 may be disposed over an
entire surface of the first substrate 401 including the gate line
GL and the gate electrode GE. The gate insulating layer 421
may include silicon nitride (SiNx), silicon oxide (SiOx), or
the like. The gate insulating layer 421 may have a multi-
layer structure including at least two insulating layers having
different physical properties.

A semiconductor layer SM is disposed on the gate insu-
lating layer 421. The semiconductor layer SM overlaps the
gate electrode GE, a source electrode SE and a drain
electrode DE. The semiconductor layer SM may include
amorphous silicon, polycrystalline silicon, or the like. The
semiconductor layer SM may include an oxide semiconduc-
tor material. An ohmic contact layer may be disposed on the
semiconductor layer SM.

The source electrode SE is disposed to partially overlap
the semiconductor layer SM. The source electrode SE
extends from the data line DL.

The drain electrode DE is spaced apart from the source
electrode SE and partially overlaps the semiconductor layer
SM. The drain electrode DE is connected to the pixel
electrode PE. The drain electrode DE and the source elec-
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trode SE may be formed concurrently (or substantially
simultaneously) in a substantially same process.

The thin film transistor TFT is defined by the gate
electrode GE, the semiconductor layer SM, the source
electrode SE and the drain electrode DE.

A channel area of the thin film transistor TFT is positioned
at a portion of the semiconductor layer SM between the
source electrode SE and the drain electrode DE.

The data line DL is disposed on the gate insulating layer
421 and crosses the gate line GL. The data line DL and the
source electrode SE may be formed substantially simulta-
neously in a substantially same process.

The semiconductor layer SM may be further provided
between the gate insulating layer 421 and the source elec-
trode SE and may be further provided between the gate
insulating layer 421 and the drain electrode DE. In addition,
the semiconductor layer SM may be further provided
between the gate insulating layer 421 and the data line DL.

The insulating interlayer 431 is disposed on the data line
DL, the source electrode SE, the drain electrode DE, the
semiconductor layer SM and the gate insulating layer 421.
In some exemplary embodiments, the insulating interlayer
431 may be disposed over an entire surface of the first
substrate 401 including the data line DL, the source elec-
trode SE, the drain electrode DE and the gate insulating
layer 421. Referring to FIGS. 15 and 16, the insulating
interlayer 431 has a drain contact hole (or a drain contact
opening) 432.

The insulating interlayer 431 may include an inorganic
insulating material such as silicon nitride (SiNx) or silicon
oxide (SiOx), or may include an organic layer. In addition,
the insulating interlayer 431 may have a bilayer structure
including a lower inorganic layer and an upper organic layer.

The first color filter 451 and the second color filter 452 are
disposed on the insulating interlayer 431. Edges of the first
and second color filters 451 and 452 may be positioned on
the gate line GL, the thin film transistor TFT and the data
line DL. Edges of adjacent ones of the first and second color
filters 451 and 452 may overlap each other. Each of the first
and second color filters 451 and 452 has an opening defined
to correspond to the drain electrode DE. Each of the first and
second color filters 451 and 452 may include a photosensi-
tive organic material.

The first color filter 451 and the second color filter 452
have different colors and may each be one of a red color
filter, a green color filter, a blue color filter, a cyan color
filter, a magenta color filter, a yellow color filter and a white
color filter.

The LCD device 1011 according to the eleventh exem-
plary embodiment may further include a third color filter.
The third color filter has a color different from those of the
first color filter 451 and the second color filter 452 and may
be one of a red color filter, a green color filter, a blue color
filter, a cyan color filter, a magenta color filter and a yellow
color filter.

However, the eleventh exemplary embodiment is not
limited thereto and the first and second color filters 451 and
452 may be disposed on a second substrate 402, for example.

The planarization layer 491 is disposed on the first and
second color filters 451 and 452. In some exemplary
embodiments, the planarization layer 491 may be disposed
over an entire surface of the first substrate 401 including the
first and second color filters 451 and 452 and the insulating
interlayer 431. However, referring to FIGS. 15 and 16, the
planarization layer 491 may have an opening defined to
correspond to the drain contact hole 432.
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The planarization layer 491 functions as a protective layer
and planarizes a portion below the pixel electrode PE. The
planarization layer 491 may be referred to as a protective
layer. The planarization layer 491 may include an organic
material, for example, a photosensitive organic material
and/or a photosensitive resin composition. In some exem-
plary embodiments, the planarization layer 491 may be also
referred to as an organic layer.

The pixel electrode PE is connected to the drain electrode
DE through the drain contact hole 432. The pixel electrode
PE is disposed on the planarization layer 491. A part of an
edge of the pixel electrode PE may overlap the light block-
ing portion 476.

The light blocking portion 476 is disposed on the pixel
electrode PE and the planarization layer 491. For example,
the light blocking portion 476 overlaps the TFT, the gate
lines GL and the data line DL to block light leakage.

As illustrated in FIG. 16, a column spacer 472 may be
positioned on the light blocking portion 476. The column
spacer 472 has a shape protruding from the light blocking
portion 476 toward the opposing substrate 420 to a prede-
termined height. The column spacer 472 maintains a cell gap
between the display substrate 410 and the opposing substrate
420.

The column spacer 472 and the light blocking portion 476
may be unitary (e.g., in a monolithic structure). In some
exemplary embodiments, the column spacer 472 and the
light blocking portion 476 may be concurrently (or substan-
tially simultaneously) manufactured using a substantially
the same material. The column spacer 472 and the light
blocking portion 476 may be collectively referred to as a
black column spacer (BCS).

The opposing substrate 420 includes the second substrate
402 and a common electrode CE on the second substrate
402.

The liquid crystal layer LC is disposed between the
display substrate 410 and the opposing substrate 420.

An adhesive layer 295 is disposed on the LCD panel 400
including the display substrate 410, the liquid crystal layer
LC and the opposing substrate 420, and the window 100 is
disposed on the adhesive layer 295.

One of the plastic substrates 101, 102, 103, 104, 105, 106,
107 and 108 according to the first, second, third, fourth, fifth,
sixth, seventh and eighth exemplary embodiments may be
utilized as the window 100. The first organic-inorganic
hybrid layer 121 of the plastic substrates 101, 102, 103, 104,
105, 106, 107 and 108 according to the first, second, third,
fourth, fifth, sixth, seventh and eighth exemplary embodi-
ments is positioned on the opposite side from the LCD panel
400.

As set forth hereinabove, according to one or more
exemplary embodiments, the plastic substrate has excellent
hardness and abrasion resistance. Accordingly, the plastic
substrate may be utilized as a window for display devices.

While certain embodiments of the present invention have
been illustrated and described, it is understood by those of
ordinary skill in the art that certain modifications and
changes can be made to the described embodiments without
departing from the spirit and scope of the present invention
as defined by the following claims, and equivalents thereof.

What is claimed is:

1. A display device comprising:

a display panel; and

a window on the display panel, the window comprising:

a plastic support member on the display panel having
light transmittance and having a thickness ranging
from about 400 um to about 1000 pm; and

20

35

40

45

50

55

22

an organic-inorganic hybrid layer on a first side of the

plastic support member, the organic-inorganic hybrid

layer having a thickness ranging from about 2 um to

about 20 um and comprising:

an organic-inorganic hybrid matrix; and

boron (B) ions implanted into the organic-inorganic
hybrid matrix at a first side of the organic-inor-
ganic hybrid layer, the first side of the organic-
inorganic hybrid layer being opposite to a second
side of the organic-inorganic hybrid layer on the
first side of the plastic support member,

wherein a number of the boron ions per unit area is

maintained in a range from 2x10"%/cm? to 1x10**/cm?
from the first side of the organic-inorganic hybrid layer
to an implantation depth of the boron ions,

wherein the implantation depth of the boron ions from the

first side of the organic-inorganic hybrid layer is in a
range from 300 nm to 400 nm, and

wherein the ion implantation depth is a depth at a critical

point of ion intensity, and ion intensity of the boron
ions at the implantation depth of the boron ions is
higher than ion intensity of the boron ions at the 300 nm
depth from the first side of the organic-inorganic hybrid
layer and an ion intensity of the boron ions at the 400
nm depth from the first side of the organic-inorganic
hybrid layer.

2. The display device as claimed in claim 1, wherein the
boron ions are implanted at an energy in a range from 60
keV to 80 keV.

3. The display device as claimed in claim 1, wherein the
organic-inorganic hybrid matrix comprises a silicone resin
and a polymer resin.

4. The display device as claimed in claim 1, wherein the
plastic support member comprises at least one selected from
the group consisting of: a polycarbonate (PC) film, a poly-
acrylic film, a polymethyl methacrylate (PMMA) film, a
polyimide (PI) film, a polyethylene (PET) film, a polypro-
pylene (PP) film, a polystyrene (PS) film, a polyamide (PA)
film, a polyacetal (POM) film, a polybutylene terephthalate
(PBT) film, a cellulose film and an acrylic-polycarbonate
copolymer alloy film.

5. The display device as claimed in claim 1, further
comprising a first organic layer between the first side of the
plastic support member and the second side of the organic-
inorganic hybrid layer.

6. A method of manufacturing a display device compris-
ing a window, the method comprising:

forming a window; and

placing the window on an adhesive layer on an upper

surface of a display device,

wherein the forming of the window comprises:

forming an organic-inorganic hybrid matrix on a first
side of a plastic support member, the plastic support
member having light transmittance and having a
thickness ranging from about 400 um to about 1000
um, the organic-inorganic hybrid matrix having a
thickness ranging from about 2 um to about 20 pm;
and

implanting boron (B) ions into a first side of the
organic-inorganic hybrid matrix, the first side of the
organic-inorganic hybrid matrix being opposite to a
second side of the organic-inorganic hybrid matrix
on the first side of the plastic support member,

wherein a number of the boron ions per unit area is

maintained in a range from 2x10"%/cm? to 1x10**/cm?

from the first side of the organic-inorganic hybrid

matrix to an implantation depth of the boron ions,
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wherein the implantation depth of the boron ions from the
first side of the organic-inorganic hybrid matrix is in a
range from about 300 nm to about 400 nm, and
wherein the ion implantation depth is a depth at a critical
point of ion intensity, and ion intensity of the boron
ions at the implantation depth of the boron ions is
higher than ion intensity of the boron ions at the 300 nm
depth from the first side of the organic-inorganic hybrid
layer and an ion intensity of the boron ions at the 400
nm depth from the first side of the organic-inorganic
hybrid layer.
7. The method as claimed in claim 6, wherein the boron
ions are implanted at an energy in a range from 60 keV to
80 keV.
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